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Abstract
One of the best formats for scanned documents is DjVu. An essential feature
of the format is the hidden text layer, usually containing the results of Optical
Character Recognition. Another important feature is the ability to store (and
serve over Internet) the documents as a collection of individual pages.
From the very beginning the DjVu format has been used also for dictio-
naries, in particular there are several Polish dictionaries available in this for-
mat. So the question is how to search efficiently the text layer in such large
multi-volume works. For this purpose we intend in particular to adapt Poliqarp
(Polyinterpretation Indexing Query and Retrieval Procesor), a GPLed corpus
query tool developed in the Institute of Computer Science of Polish Academy
of Sciences. Some preliminary experiments are described in the talk.
In our „quick and dirty” approach we treat every page as a single document
with the metadata consisting of the name of the document index and the name
of the file with the page content. For every word, instead of grammatical tags,
we provide its localization on the page in the form of the line number and its
position in the line. All the data taken together allow to link the search results
to the appropriate fragments of the original scans.
We mention also another approach to the problem, exemplified by djvu-xfgrep
program.
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1. Digitalization
In the proper sense digitalization consist in representing an object by means
of bits or numbers, but it can be done in many different ways. A page of text
can be treated as a picture and divided into small points classified as black
or white, so the page can be represented by an array of binary digits. Such
points and their representations are called pixels, i.e. picture elements (pix was
used as an abbreviation for picture, cf. http://en.wikipedia.org/wiki/Pixel
or Webster’s New World Dictionary of the American Language). Of course
classifying all point as just black or white is often not sufficient, so there are
also grayscale and color pixels in use.
Texts represented as pixels are usually the results of scanning printed texts,
so they are called simply scanned texts or just scans (although the traditional
scanners are more and more often replaced by various devices using digital
photography). As such texts can be also digitally born, we advocate here a
more precise term pixel texts. Such texts are often subject to the process of
Optical Character Recognition (OCR). If the process is unattended and the
results are neither verified nor corrected by humans, it is called „dirty OCR”.
There is no convenient term for the textual results of OCR, so we propose here
to call them textel texts, as they consist of characters, which can be considered
the primary ‘textels’, i.e. text elements (the term textel is sometimes used as
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meaning texture element, but for this notion the term texel seems more popular).
A typical digitally born electronic text is also a textel text.
Both pixel and textel texts can be supplemented by various additional data,
extracted automatically from the text content or added by human intervention.
The simplest and most useful forms of such information are outlines describing
the document structure and facilitating navigation in the electronic text, anno-
tations providing additional information about text fragments and hyperlinks
e.g. to footnotes etc. These features can be provided using a commonly used
standard or with a special purpose program. Although the term digitalization
can be still used, the latter case is better described as computerization of a text.
2. DjVu technology
To quote [4], DjVu technology is
an image compression technique, a document format, and a software
platform for delivering documents images over the Internet
It was developed by Yann Le Cun, Léon Bottou, Patrick Haffner, and Paul G.
Howard at AT&T Laboratories in 1996. A document in DjVu format may consist
of several layers: the pixel layer (actually split into foreground, background
and stencil) representing the page images, and the textel one (called hidden
text layer) which can be used for searching, cut and paste operations etc. For
several years this feature was unique. In 2001 similar possibility was introduced
by Adobe to the Portable Document Format (PDF) specification, but DjVu
still has several advantages over PDF. The feature of DjVu, absent in PDF and
most relevant for the present paper, is the possibility to store individual pages
in separate files (so called unbundled or indirect documents) and to serve them
over the Internet in any order. This is an important reason for preferring DjVu
over PDF also for digitally born documents.
Several dictionaries available in the DjVu format have been mentioned al-
ready in [1] and [3]. One should note also Jamieson’s Etymological Dictionary
of the Scottish Language Online (http://www.scotsdictionary.com/) which
is available both in DjVu and PDF format and is provided with sophisticated
search facilities. There also interesting new acquisitions of Polish digital li-
braries, such as 19th century editions of Latin-Polish glosses by Bartłomiej from
Bydgoszcz, first published in 1488. To locate all its volumes, visit the site of
Federacja Bibliotek Cyfrowych (http://fbc.pionier.net.pl) and search for
Bartłomiej z Bydgoszczy.
As of 10th September 2009, in Polish digital libraries (cf. e.g. [5]) there are
199 701 publications in DjVu format, which is 72% of the total (http://fbc.
pionier.net.pl/owoc/attr-stats).
3. Dictionaries as texts
Every DjVu viewer allows for searching the hiddent text layer, but for un-
bundled documents it is unefficient as it defeats the purpose of splitting the
document into separate pages: to access the hidden text, all the pages have to
be loaded, and if the search is repeated, they are reloaded multiple times.
Several possible solutions has been outlined in my note [2] and tentatively
implemented in Java by Piotr Sikora. Two programs, djvu-fgrep and djvu-xfgrep,
are available at http://code.assembla.com/djvu-fgrep/subversion/nodes
on GNU GPL license; for the present paper only the latter program is relevant (x
in the name stands for eXtended). The programs are named after a very popular
Unix utility fgrep, which is a simplified version of grep. The grep program
performs the function of searching globally for regular expressions and printing
(i.e. displaying) the matches; the first letters of words global, regular expression,
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Figure 1. Sample djvu-xfgrep output
print make up the name of the program. The letter f in fgrep means that this
version of the program allows only to search for fixed strings.
At present downloading the whole document to be searched is unavoid-
able, but it has to be done only once. Then the hidden text is extracted in
XML format (with djvutoxml, a program from the free DjVuLibre library) and
provided as the input to the djvu-xfgrep program together with the word to
be searched. The results are in the form of a HTML file. Figure 1 shows
the result of searching the word pod in the hiddent text layer (obtained by
„dirty OCR”) of the first volume of the so called Warsaw Dictionary (cf. http:
//ebuw.uw.edu.pl/publication/255).
Several columns on the left describe the localisation of the found word. First
there is the name of the file containing the page in question, next the numbers of
the column, the region, the paragraph and the line containing the word (when so
detailed division of the page is inappropriate or not available, then all lines are
assumed to belong to the same column, region and paragraph). After the plus
sign there is the number of the word in the line and the approximate location on
the pixel image of the page, expressed as percents of the horizontal and vertical
size of the page. Last but not least, the context of the word is specified, and
the word itself is a hyperlink to the image of the page with the word in question
highlighted in a similar way as demonstrated on Figure 4.
Although the program is usable, implementing it was not a goal in itself, but
just a milestone on the way to the converter described in the next section.
4. Dictionaries as corpora
Treating dictionaries as corpora has been suggested first, to the best of my
knowledge, in [7]. Following this suggestion we propose to use corpus tools
to investigate and search the text of dictionaries. For several reasons our pre-
ferred tool is Poliqarp (Polyinterpretation Indexing Query and Retrieval Proce-
sor), a GPLed corpus query tool developed in the Institute of Computer Sci-
ence of Polish Academy of Sciences (cf. http://korpus.pl/index.php?page=
publications).
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Figure 2. Poliqarp — a query
Poliqarp is a client-server system. If a server is available on a local or global
network, then there is no need to download the whole document (in particular
a multivolume dictionary) for the purpose of searching. Another important
feature of Poliqarp is sophisticated support of regular expressions, which can be
used not only to circumvent the errors of dirty OCR, but also to accounts for
different spellings in historical dictionaries.
We will illustrate the latter aspects using the 32nd volume of the Dictionary
of the 16th century Polish. Thanks to the late Prof. Franciszek Pepłowski,
the former head of the dictionary team, there is a digitally-born version of
the volume — to make a long story short, the PDF files used for printing
the paper version have been converted to DjVu using Jakub Wilk’s excellent
pdf2djvu program (http://jwilk.net/software/pdf2djvu.html, cf. also [6]).
The converter from DjVu to Poliqarp has been also specified first in the note [2],
then implemented in Java by Piotr Sikora and made available under the terms of
the GPL license at http://code.assembla.com/djvu-fgrep/. An additional
utility has been written by Jakub Wilk, who is also the current developer of
Poliqarp.
Our intention is to search for the word skarga (meaning complaint) in all
inflexional forms, so we search for words starting with the appropriate string —
.* (the final part of the regular expression) means any number of any characters.
On the other hand we cannot use the string skarga directly, because it can
be spelled also with long s and/or with accented a, so we have to use list of
alternative characters such as [aá]. Figures 2 and 3 show the result of our
query (Poliqarp interface can be switched to English, but for this example this
doesn’t seem appropriate).
Figure 4 demonstrates a standard feature of Poliqarp, namely the sub-window
with the larger context of the match.
Figure 5 demonstrates another standard feature of Poliqarp, namely display-
ing the metadata of the document, but we use this in a non-standard way.
Because we treat the dictionary as a corpus, the equivalent of a document is
in our case just a page of the dictionary. In consequence the metadata consist
of two fields: the reference to the dictionary as a whole (the index file of the
unbundled DjVu document) and the reference to the component file containing
the specific page.
Similarily Figure 6 demonstrates yet another standard feature of Poliqarp,
namely displaying the tags of the matched word, and again we use this in a
non-standard way. Although intended for tags such as part of speech etc., we
use them simply to provide localisation of the word on the page, specyfing for
this purpose the line number and the running number of the word in the line.
Hence we have shown that Poliqarp can store all the information needed to
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Figure 3. Poliqarp — query details
Figure 4. Poliqarp — larger context
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Figure 5. Poliqarp — selected match localisation
Figure 6. Poliqarp — selected match in-page localisation
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Figure 7. Locating the match
locate the word in question in the pixel version of the dictionary. To make
this process less cumbersome, Jakub Wilk prepared a simple tool presented on
Figure 7.
After filling the form the user is redirected to the appropriate page with the
relevant fragment highlighted, as demonstrated on Figure 8. Usually it will be
convenient to zoom into the interesting area, as illustrated on Figure 9.
5. Concluding remarks
We have demonstrated that Poliqarp, supplemented by programs by Piotr
Sikora and Jakub Wilk, can be used „as is” to facilitate access to large doc-
uments in DjVu format. Our plans are to make the process much more user
friendly. It will be one of the goals of the Digitalization tools for philological re-
search project supported by Grant NN519 384036 of the Ministry of Science and
Higher Education. The project lasts from 13 May 2009 to 12 November 2011,
more information will be in due time available at http://wbs.klf.uw.edu.pl1.
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Figure 8. The located match
Figure 9. Details of the match
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